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FEATURES 

Two Fast 14-Bit ADCs 

Four Input Channels 

Simultaneous Sampling & Conversion 

4.5|xs Conversion Time 

Single Supply Operation 

Selection of Input Ranges: 

±10 V for AD7863-10 

±2.5 V for AD7863-3 

to 2.5 V for AD7863-2 
High Speed Parallel interface 
Low Power, 75mW typ 
Power Saving Mode, 50uW typ 
Overvoltage Protection on Analog Inputs 
14 Bit pin compatible upgrade to AD7862 

APPLICATIONS 

AC Motor Control 
Uninterrupted Power Supplies 
Data Acquisition Systems 
Communications 

GENERAL DESCRIPTION 

TheAD7863 isa high speed, low power, dual 14-Bit A/D 
converter that operates from a single +5 V supply. T he part 
contains two 4.5 |js successive approximation ADCs, two track! 
hold amplifiers, an internal +2.5 V reference and a high speed 
parallel interface. T here are 4 analog inputs which are grouped 
into two channels (A & B) selected by the AO input. Each 
channel has two inputs (V^iSi V^iOr Vbi& Vb2) which can be 
sampled and converted simultaneously thus preserving the 
relative phase information of the signals on both analog inputs. 
The part accepts an analog input range of ±10 V (AD 7863-10), 
±2.5 V (AD 7863-3) and - 2.5 V (AD 7863-2). Overvoltage 
protection on the analog inputs for the part allows the input 
voltage to go to ±17 V, ±7 V or +7 V respectively without 
causing damage. 



A single conversion start signal (CONVST) places both track/ 
holds into hold simultaneously and initiates conversion on both 
channels. T he BUSY signal indicates the end of conversion and 
at this time the conversion results for both channels are available 
to be read. T he first read after a conversion accesses the result 
from V^iOr Vbi, while the second read accesses the result from 
Va2 01" Vb2. depending on whether the multiplexer select AO is 
low or high respectively. Data is read from the part via a 14-Bit 
parallel data bus with standard CS and RD signals. 
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I n addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signal-to-noise ratio. 

The AD 7863 is fabricated in Analog Devices' Linear Compat- 
ible CM OS (LC^M OS) process, a mixed technology process 
that combines precision bipolar circuits with low-power CMOS 
logic. It is available in 28-lead SSOP and SOIC . 

PRODUCT HIGHLIGHTS 

1. The AD 7863 features two complete ADC functions allowing 
simultaneous sampling and conversion of two channels. Each 
AD C has a 2 channel input mux. T he conversion result for 
both channels is available 4.5|js after initiating conversion. 

2. The AD 7863 operates from a single +5 V supply and 
consumes 75 mW typ. T he automatic powerdown mode, 
where the part goes into power down once conversion is 
complete and "wakes up" before the next conversion cycle, 
makes the AD 7863 ideal for battery-powered or portable 
applications. 

3. T he part offers a high speed parallel interface for easy 
connection to microprocessors, microcontrollers and digital 
signal processors. 

4. T he part is offered in three versions with different analog 
input ranges. T he AD 7863-10 offers the standard industrial 
input range of ±10V; the AD 7863-3 offers the common 
signal processing input range of ±2. 5V while the AD 7863-2 
can be used in unipolar - -(■2.5V applications. 

5. T he part features very tight aperture delay matching between 
the two input sample Si hold amplifiers. 
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AD7863- SPECIFICATIONS 



(Vbo= +5 V±5%, AGND=DGND= OV, REF = Internal. 
All Specifications Im to unless otherwise noted). 





A 


B 






Parameter 


Version-'' 


Version 


Units 


Test Conditions/Comments 


SAM PLE AND HOLD 










-3dB Small Signal Bandwidth 


3 


3 


M H z typ 




Aperture Delay 


20 


20 


ns max 




Aperture Jitter 


100 


100 


pstyp 




Aperture Delay M atching 


200 


200 


ns max 




U T In A 1^1 1 L r L K r U K 1^1 A In L t 








f _ inn n n-i 7 f — "ji^n L-cnc 

T|[j — lUU.U KH Z, Tj — ZDU KSpS 












(Of ZD L 


pn 


fin 


oB mm 




Tmin to T max 


78 


80 


dB min 




Total Harmonic Distortion^ 


-86 


-90 


dB max 




Peal< H armonic or Spurious N oise^ 


-86 


-90 


dB max 




Intermodulation Distortion^ 








fa = 49kH z, fb = 50kH z 


2nd Order Terms 


-86 


-90 


dB typ 




3rd Order Terms 


-86 


-90 


dB typ 




CInannel to CInannel isolation^ 


-86 


-90 


dB max 


fiN = lOOkHz Sine Wave 


nr Arr II R at y 








Ally v., Ildlllicl 


D ocnlii^inn 
lACbUIULIUil 


1 A 


1 A 


R if-c 
D ILb 




|v| iiiiillUlM r\trbUIUUUli lUi WlllLlI 










W V rl IbbI 1 ly V. UUcb dl c \J Udl dl ILctrU 


It 


1 A 


D 1 Lb 




W cl dLI vc A LLUi dLy 


in z 


X 1 


1 CR mav 
LDD llldA 




uiTTerentidi iMoniinedrity 


X 1 


X 1 


J CD rm av 

LjD max 




rUbl Live O dill CiiUi 




xt 


1 QR mav 
LOD llldA 




P fici ai n F rrnr M atr'h^ 
r (JDi LI V c VJ dl 1 1 C 1 1 Ul I'l dLLi 1 


1 
1 


1 

1 


1 ^R mav 

LOD llldA 




A U / oDj- lU 










M cii'O'i" 1 \ /d 31 n C rmv"^ 
IN cydLI vc U dl ( 1 C 1 1 Ui 




xH- 


1 CR mav 
LDD II lax 




DipUidI Z.CIU CllUl 


-\-A 
xt 


xt 


1 CR mav 
LjD llldA 




Dipuidi Z.triU CiiUi |V| dLLiI 


1 

1 


1 

1 


1 CR mav 
LjD llldA 




AD 7863-3 










Negative Gain Error^ 


±4 


±4 


LSB max 




Bipolar Zero Error 


±4 


±4 


LSB max 




Bipolar Zero Error M atch 


1 


1 


LSB max 




AD 7863-2 










U nipolar Offset Error 


-H4 


+4 


LSB max 




U nipolar Offset Error M atch 


1 


1 


LSB max 




MIMMLVJVJ IIMrU 1 J 










An 7fifi^ in 










1 n ni it" \/ nihpnp R annp 

1 1 1 IJU L V U 1 L^UC r\ dl 


+ 10 


+ 10 


Volts 


1 nput 


1 nput Resistance 


9 


9 


kn typ 




AD 7863-3 










Input Voltage Range 


±2.5 


±2.5 


Volts 


Input 


Input Resistance 


4 


4 


kfltyp 




AD 7863-2 










Input Voltage Range 


+2.5 


+2.5 


Volts 


Input 


Input Current 


500 


500 


nA max 




□ cpcRPMrc IMPIIT/nilTPIIT 
r\CrCr\CIML-L 11^ rU 1 /U U 1 r U 1 










DPP IM 1 n ni if \/ nlfana D anna 

i\cr 1 IM 1 1 ipuL V UI Layc i\cii lyc 




Z.O/ j/Z.OZj 




^ . J V X J /o 


RFF IN 1 nni if* 1 mnpHsnrp 

r\ C r MM lll|JUL 1 1 1 l|JCuCII ILC 




1 R 
1 .u 


I^O min 

l\.a£ 1 1 11 1 1 


IxCSlsLUI L> UI II ICLLOJ LU 1 1 ILCl 1 Idl fx Cl Cl CI ILC 

N ode. 


REF IN Input Capacitance" 


10 


10 


pF max 




REF OUT Output Voltage 


2.5 


2.5 


V nom 




REF OUT Error® 25°C 


±10 


±10 


mV max 




REF OUT ErrorTmin toTmax 


±20 


±20 


mV max 




REF OUT Temperature Coefficient 


25 


25 


ppm/°C typ 




REF OUT Output Impedance 


5 


5 


k£2 nom 


See REF IN Input Impedance 
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AD7863- SPECIFICATIONS 



(Vd.= +5 V±5%, AGND=DGND= OV, REF = Internal. 
All Specifications Tmih to Tm^x unless otherwise noted). 



Parameter 
Comments 


A 

Version^ 


B 

Version 




Units Test Conditions/ 


LOGIC INPUTS 

Input High Voltage, V|NH 
Input Low Voltage, V|NL 
Input Current, I,,, 
Input Capacitance, Cin" 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V min 

V max 
|jA max 
pF max 


Voo =5V±10% 
Voo =5V±10% 


LOGIC OUTPUTS 

Output High Voltage, Vqh 
Output Low Voltage, Vql 
DBll- DBO 

Floating-State Leakage Current 

F loating-State Capacitance" 
Output Coding 

AD 7863-10, AD 7863-3 

AD 7863-2 


4.0 
0.4 

±10 
10 


4.0 
0.4 

±10 
10 


V min 

V max 

loA max 
pF max 


IsouRCE =200mA 
IsiNK = 1.6mA 

Two's Complement 
Straight (N atural) Binary 


CONVERSION RATE 
Conversion Time 
M ode 1 Operation 
M ode 2 Operation^ 
T rack/H old Acquisition T ime" 


4.5 
10 
0.5 


4.5 
10 
0.5 


US max 

US max 
US max 


for both channels 
for both channels 


POWER REQUIREMENTS 


+5 


+5 


V nom 


±10% for specified performance 


1 DD 

Normal M ode(M ode 1) 
Power-DownM ode (M ode 2) 

loD@25°C 

T M IN to T M AX 

Power Dissipation 
N ormal M ode 
Standby M ode @ 25°C 


15 

40 
200 

90 
200 


15 

40 
200 

90 
200 


mA max 

nA max 
nA max 

mW max 
nW max 


Logic Inputs = OV or Vdd 
Logic Inputs = OV or Vdd 

Typically 75 mW 
Typically 100 nW 



NOTES 

'Temperature Ranges are as follows : A, B Versions: -40°C to +85°C . 
^Performance measured through full channel (multiplexer, SNA and ADC) 
^See Terminology 

^Sample tested @ 25°C to ensure compliance. 

^ This lOfJs includes tlie '\vai;e-up" time from standby. This "wake-up" time is 
timed from the rising edge of CONVST, whereas conversion is timed from the 
falling edge of CONVST, for a narrow CONVST pulse width the conversion 
time is effectively the "wake-up" time plus conversion time hence lOjJs. This can 
be seen from Figure 6. Note that if the CONVST pulse width is greater than 
6\is then the effective conversion time will increase beyond 10|Js. 
Applies to mode 1 operation. See section on operating modes. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 

(Ta = +25°C unless otherwise noted) 

to AGND -0.3 V to -F7 V 

to DGND -0.3 V to -1-7 V 

Analog Input Voltage to AGN D 

AD 7863-10 ±17 V 

AD 7863-3 + 7 V 

AD7863-2 -F7 V 

Reference I nput Voltage to AG N D -0.3V to Vdd-i-0.3 V 

D Igital I nputVoltageto D G N D -0.3V to V^d+O.SV 

D igital utput Voltage to DGND -0.3V to Vdd-i-0.3V 

perating T emperature Range 

Commercial (A, B Version) -40°C to -f85°C 

Extended (S Version) -55°C to -l-125°C 



Storage Temperature Range -65°C to -Fl50°C 

J unction T emperature -Fl50°C 

SOIC Package, Power Dissipation 450mW 

Thermal Impedance 110°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) -f215°C 

Infared (15 sec) -f220°C 

SSOP Package, Power Dissipation 450mW 

Thermal Impedance 110°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) -f215°C 

Infared (15 sec) -f220°C 

'stresses above those listed under "Absolute M aximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposureto absolute 
maximum rating conditions for extended periods may affect device reliability. 
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AD7863 



PRELIMINARY TECHNICAL DATA 



TIMING CHARACTERISTICS 



1^2 (Vd== +5 V±5%, AGND=DGND= OV, REF = Internal. 
' All Specifications Tmin to Tmx unless otherwise noted). 



ParametBT 


A B 

Versions 


s 

Version 


Units 


Test Conditions/Commeiits 


^CONV 


4.5 


4.5 


|is max 


Conversion Time 


tacq 


0.5 


0.5 


us max 


Acquisition Time 


Parallel Interface 










ti 








ns min 


CS to RD Setup Time 










ns min 


CS to RD Hold Time 




35 


45 


ns min 


CONVST Pulse Width 




35 


45 


ns min 


Read Pulse Width 




25 


35 


ns min 


Data Access Time After Falling Edge of RD 




60 


70 


ns max 






5 


5 


ns min 


Bus Relinquish Time After Rising Edge of RD 




30 


40 


ns max 




t7 


40 


40 


ns min 


T ime between consecutive reads 



NOTES 

^Sample tested at 25°C to ensure compliance. All input signals are measured with tr = tf = Ins (10% to 90% of +5V) and timed from a voltage level of +1.6 V. 
^See Figure 1. 

easured with the load circuit of Figure 2 and defined as the time required for an output to cross 0.8 V or 2.0 V. 

hese times are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. T he measured number is 
then extrapolated back to remove the effects of charging or discharging the 50pF capacitor. T his means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and as such are independent of external bus loading capacitances. 

Specifications subject to change without notice. 



CONVS T 

BUSY 
AO 



DATA 




(vbi 



Figure 1. Tinning Diagram 



TO OUTPUT 
PIN 

50pF 




+1.6V 



200HA 



Figure 2. Load Circuit for Access Time and Bus Relinquisti Time 



CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD 7863 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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PRELIMINARY TECHNICAL DATA AD7863 



ORDERING GUIDE 



Model 


Input Ranges 


Relative Accuracy 


Temperature Range 


Package Option 


AD7863AR-10 


±10V 


±1 LSB 


-40°C to +85°C 


R-28 


AD 7863BK-10 


±10V 


±0.5 LSB 


-40°C to +85°C 


R-28 


AD7863ARS-10 


±10V 


±1 LSB 


-40°C to +85°C 


RS-28 


AD7863AR-3 


±2.5V 


±1 LSB 


-40°C to +85°C 


R-28 


AD7863BR-3 


±2.5V 


±0.5 LSB 


-40°C to +85°C 


R-28 


AD7863ARS-3 


±2.5V 


±1 LSB 


-40°C to +85°C 


RS-28 


AD7863AR-2 


OV to 2.5V 


±1 LSB 


-40°C to +85°C 


R-28 


AD7863ARS-2 


OV to 2.5V 


±1 LSB 


-40°C to +85°C 


RS-28 



*R=SOIC; RS = SSOP; 



DB12 
DB11 
DB10 
□89 
□88 
□87 
□GN^ 
CONVST 
□86 
□85 
□84 
□83 
□82 



PIN CONFIGURATIONS 
SOIC 



10 



11 



12 



13 



□81 n|4" 



A^7863 
TOP VIEW 
(Not to Scale) 



28 D813 
AGN^ 



27 



26 



25 



24 



23 



22 



21 



20 



19 



18 



17 



16 



V81 
VA1 
VD^ 
8USY 

RD 

CS 
AO 

VREF 
VA2 
VB2 
AGN^ 



15 □BO 
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AD7863 PRELIMINARY TECHNICAL DATA 



PIN FUNCTION DESCRIPTION 



Pin 


Mnemonic 


Description 


1-6 


DB12- DB7 


Data Bit 12 to Data Bit 7. Three-state TTL outputs. 


7 


n M n 

U (J 1^ u 


UiyiLdl OIUUIIU. OIUUIIU Iclcl cl ILc lUI UiyiLdl LIlLUILiy. 


8 


CONVST 


Convert Start Input. Logic Input. A high to low transition on this input puts both track/hold's 
into their hold mode and starts conversion on both channels. 




n Rfi - n Rf) 


n afa R it fi tn n ata Rit T h rrr dritr T T 1 ni itni itc 

L/ CiLCI □ 1 L U LU L/ CiLCt □ 1 L U> 1 III Uv-OLaLC 1 1 L UU L|JU LD. 


16 


AGND 


Analog Ground. Ground reference for |V| ux, tracl</hold, reference and DAC circuitry. 


17 




Input number 2 of channel B. Analog Input voltage range's of ±10 V (AD 7863-10), 
±2.5 V (AD 7863-3) and - 2.5 V (AD 7863-2). 


lO 


Va2 


1 n ni it nil m hor 7 nf rhan nol A A nainn 1 n ni it \/nl tano ranno'c nf + 1 H \/ ^ A H 7Rfi^- '\(W 
iiiuuL iiuiiiuci £. ui Liiciiiiici M. Ml iciiuy 1 1 1 uu L vul Lciyc 1 ai lyc OUI XJ.UV ^ML/ / OU J -Lv / r 

X^.J V \r\\-f 1 0\JJ J) 01 lU \J V \M U lO\JJ £.). 


19 


VREF 


Reference Input/Output. This pin is connected to the internal reference through a series 
resistor and is the output reference source for the analog-to-digital converter. T he nominal 
reference voltage is 2.5 V and this appears at the pin. 




in 


M 1 1 1 ti niovor Qolcy t X hie inniit ic ii carl i n /Twn iiinrtiAn \A(ith DF^ anri C ^ \f\\M tA on ahilo tho Hat a 
|V| UlLipicAcI OclcLL. 1 lllDllipULiD UbcU III LUI lJU 1 ILLIUl 1 WILII T\LI dllU luW LU cllaUIC Lllc UuLd 

outputs. With AO logic low, one read after a conversion will read the data from each of the 

A n P 'c i n f"ho coni lonro \/ \/ an/H a ciihconiionl" rca/H \A/han AHnrtochinh rosHc fho Hal's 
r\U \^ Dill LI Ic DCLjUCI ILC V f^i V f^2 Cll lU CI DU UocLjUCI IL 1 CCiU, Wl Icl 1 M U yuC3 1 1 1^1 1, 1 CClUD LI Ic UClLCl 

frnm V \/ 

II Ulll V gj . 


21 


cs 


Chip Select Input. Active low logic input. The device is selected when this input is active. 




ivU 


D aarl 1 n m 1 1 A r"ti \/q I a\a/ lAnir" inmit Thic inmit ic ii coH in fAniiinr"tiAn \a/ ith AO anrl f^C 1 rt\iii tA 
r\cdU 1 lipUL. MLLI Vc lUW lUyiL llipUL. 1 lllbllipUL lb UbcU III LUllJUllLLIUll WILlI MU dllU lUW LU 

enable the data outputs. With AO logic low, one read after a conversion will read the data 

frnm oarh nf tho A 'c in tho com lon/'o \/ \/ anH a ci i hconi lont roaH lA/hton A C\ nAOC 
liUiTI cdLiI UI Lllc M L. b 111 Lllc bcL]UcnLc Vy^j^ Vy^2 o\\\J a DUUbcLjUcnil icdU, WMcM MU yUcb 

hinh roaric tho riata frnm \/ \/ 

1 ll^l 1, 1 cauo LI IC UOLCI 1 1 UI 1 1 V g2 " B2 ' 


23 


BUSY 


BusyOutput. The busy output is triggered high bythe falling edge of CONVST and remains 
high until conversion is completed. 


24 


VDD 


Analog and D igital Positive Supply Voltage, -1-5.0 V ±5%. 


25 


Vai 


Input number 1 of channel A. Analog Input voltage range's of ±10 V (AD 7863-10), 
±2.5 V (AD7863-3) and 0- 2.5 V (AD7863-2). 


26 


Vbi 


Input number 1 of channel B. Analog Input voltage range's of ±10 V (AD 7863-10), 
±2.5 V (AD7863-3) and - 2.5 V (AD7863-2). 


21 


AGND 


Analog Ground. Ground reference for M ux, track/hold, reference and DAC circuitry. 


28 


DB13 


Data Bit 13 (M SB). Three- state TTL output. Output coding is 2's complement for the 
AD7863-10 andAD7863-3. Output coding is straight (natural) binary for the AD7863-2 
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PRELIMINARY TECHNICAL DATA 



TERMINOLOGY 

Signal to (Noise + Distortion) Ratio 

This is the measured ratio of signai to (noise + distortion) at the 
output of the A/D converter. T he signai is the rms ampiitude of 
the fundamentai. N oise is the rms sum of aii nonfundamentai 
signais up to haif the sampiing frequency (ijl), exciuding dc. 
T he ratio is dependent upon the number of quantization ieveis 
in the digitization process; the more levels, the smaller the 
quantization noise. The theoretical signal to (noise +distortion) 
ratio for an ideal N -bit converter with a sine wave input is given 
by: 

Signal to (Noise + Distortion) = (6.02N + 1.76) dB 
Thus for a 14-Bit converter, this is 86.04 dB. 
Total Harmonic Distortion 

Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. FortheAD7863 it is defined as: 

V + V3 -I- V4 -I- Vs 
THD(dB) = 20 log ^ ^ * — 

where Vi is the rms amplitude of the fundamental and V2, V3, 
V4, and V5 are the rms amplitudes of the second through the 
fifth harmonics. 

Pealc Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to \j2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification is 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor, it will 
be a noise peal<. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m,n = 0,1,2,3, etc. Intermodulation terms are those for which 
neither m or n are equal to zero. For example, the second order 
terms include (fa + fb) and (fa - fb), while the third order terms 
include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 

The AD 7863 is tested using the CCIF standard where two 
input frequencies near the top end of the input bandwidth are 
used. I n this case, the second and third order terms are of 
different significance. T he second order terms are usually 
distanced in frequency from the original sine waves while the 
third order terms are usually at a frequency close to the input 
frequencies. As a result, the second and third order terms are 
specified separately. The calculation of the intermodulation 
distortion is as per the T H D specification where it is the ratio of 
the rms sum of the individual distortion products to the rms 
amplitude of the fundamental expressed in dB's. 



AD7863 



C hannel to C hannel Isolation 

Channel to Channel isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full- 
scale 100 kH z sine wave signal to each of the four inputs 
individually. T hese in turn are individually referenced to the 
other three channels whose inputs are grounded and the ADC 
output is measured to determine the level of crosstalk from the 
other channel. T he figure given is the worst case across all four 
channels. 

Relative Accuracy 

Relative accuracy or endpoint nonlinearity is the maximum 
deviation from a straight line passing through the endpoints of 
the ADC transfer function. 

Differential Nonlinearity 

T his is the difference between the measured and the ideal 1 
LSB change between any two adjacent codes in theADC. 

Positive Full-Scale E rror 

This is the deviation of the last code transition (01 110 to 

01 Ill) from the ideal 4 xVREF - 3/2 LSB (AD7863-10±10 

V range) orVREF - 3/2 LSB (AD 7863-3, ±2.5 V range), after 
the Bipolar Offset Error has been adjusted out. 

Positive Full-scale Error (AD7863-2, GV to 2.5 V) 

T his is the deviation of the last code transition (01 110 to 

01 Ill) from the ideal VREF - 3/2 LSB, after the unipolar 

offset error has been adjusted out. 

Bipolar Zero Error (AD7863-lia ±10V, AD7863-3, ±2.5 V) 

This is the deviation of the mid-scale transition (all I'sto all O's) 
from the ideal AGND - 1/2 LSB. 

Unipolar Offset Error (AD7863-% OVtoZSV) 

This is the deviation of the first code transition (00 000 to 

00 001) from the ideal AGND -I- 1/2 LSB. 

Negative Full-scale Error (AD7863-1, ±10V, AD7863-3^ 
+Z5V) 

This is the deviation of the first code transition (10 000 to 

10 001) from the ideal -4 x VREF -1-1/2 LSB (AD 7863-10 

±10 V range) or -VREF -1-1/2 LSB (AD 7863-3, ±2.5 V range), 
after Bipolar Zero Error has been adjusted out. 

Track/Hold Acquisition Time 

T rack/H old acquisition time is the time required for the output 
of the track/hold amplifier to reach its final value, within 
±1/2 LSB, after the end of conversion (the point at which the 
track/hold returns to track mode). It also applies to situations 
where a change in the selected input channel takes place or 
where there is a step input change on the input voltage applied 
to the selected Vftx/Bx input of the AD 7863. It means that the 
user must wait for tine duration of the track/hold acquisition 
time after the end of conversion or after a channel change/step 
input change to V^x/bx before starting another conversion, to 
ensure that the part operates to specification. 
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CONVERTER DETAILS 

TheAD7863 isa high speed, low power, dual 14-Bit A/D 
converter that operates from a single +5 V supply. T he part 
contains two 4.5 us successive approximation AD C s, two track/ 
hold amplifiers, an internal +2.5 V reference and a high speed 
parallel interface. T here are 4 analog inputs which are grouped 
into two channels (A & B) selected by the AO input. Each 
channel has two inputs (V^i & V^j or Vgi & Vb2) which can be 
sampled and converted simultaneously thus preserving the 
relative phase information of the signals on both analog inputs. 
The part accepts an analog input range of ±10 V (AD 7863-10), 
±2.5 V (AD 7863-3) and - 2.5 V (AD 7863-2). vervoltage 
protection on the analog inputs for the part allows the input 
voltage to go to ±17 V, ±7 V or +7 V respectively without 
causing damage. The AD 7863 has two operating modes, the high 
sampling mode and the auto sleep mode where the part automati- 
cally goes into sleep after the end of conversion. T hese modes are 
discussed in more detail in the Timing and Control Section. 

Conversion is initiated on th e AD 7863 by pulsing the CONVST 
input. On the falling edge of CONVST, both on-chip track/ 
holds are placed into hold simultaneously and the conversion 
sequence is started on both channels. T he conversion clock for 
the part is generated internally using a laser-trimmed clock 
oscillator circuit. T he BUSY signal indicates the end of 
conversion and at this time the conversion results for both 
channels are available to be read. T he first read after a conver- 
sion accesses the result from V^jor Vbi while the second read 
accesses the result from V^j or depending on whether the 
multiplexer select AO is low or high respectively. Data is read 
from the part via a 14-Bit parallel data bus with standard CS 
and RD signals. 

Conversion time for the AD 7863 is 4.5 us in the high sampling 
mode (10 us for the auto sleep mode), and the track/hold 
acquisition time is 0.5 us. T o obtain optimum performance from 
the part, the read operation should not occur during the 
conversion or during 500 ns prior to the next conversion. T his 
allows the part to operate at throughput rates up to 200 kH z 
and achieve data sheet specifications. 

Track/Hold Section 

The track/hold amplifiers on the AD 7863 allows the ADC's to 
accurately convert an input sine wave of full-scale amplitude to 
14-Bit accuracy. The input bandwidth of the track/hold is 
greater than the Nyquist rateof theADC even when the ADC is 
operated at its maximum throughput rate of 200 kHz (i.e., the 
track/hold can handle input frequencies in excess of 100 kHz). 

The track/hold amplifiers acquire input signals to 14-Bit 
accuracy in less than 500 ns. T he operation of the track/holds 
are essentially transparent to the user. T he two track/hold 
amplifiers sample their respect ive input c hannels simulta- 
neously, on the falling edge of CONVST. T he aperture time for 
the track/h olds (i.e., the delay time between the external 
CONVST signal and the track/hold actually going into hold) are 
typically 15 ns and, more importantly, is well matched across 
the two track/holds on one device and also well matched from 
device to device. T his allows the relative phase information 
between different input channels to be accurately preserved. It 
also allows multiple AD 7863s to sample more than two chan- 



nels simultaneously. At the end of conversion, the part returns 
to its tracking mode. T he acquisition time of the track/hold 
amplifiers begin at this point. 

Reference Section 

The AD 7863 contains a single reference pin, labelled VREF, 
which either provides access to the part's own -1-2.5 V reference 
or to which an external -1-2.5 V reference can be connected to 
provide the reference source for the part. T he part is specified 
with a -1-2.5 V reference voltage. Errors in the reference source 
will result in gain errors in the AD 7863's transfer function and 
will add to the specified full-scale errors on the part. On the 
AD 7863-10 and AD 7863-3, it will also result in an offset error 
injected in the attenuator stage. 

The AD 7863 contains an on-chip -1-2.5 V reference. To use this 
reference as the reference source for the AD 7863, simply 
connect a 0.2 \if disc ceramic capacitor from the VREF pin to 
AG N D . T he voltage that appears at this pin is internally 
buffered before being applied to theADC. If this reference is 
required for use external to the AD 7863, it should be buffered 
as the part has a F ET switch in series with the reference output 
resulting in a source impedance for this output of 5.5 k£2 
nominal. The tolerance on the internal reference is ±10 mV at 
25°C with a typical temperature coefficient of 25 ppm/°C and a 
maximum error over temperature of ±25 mV. 

If the application requires a reference with a tighter tolerance or 
the A D 7863 needs to be used with a system reference, then the 
user has the option of connecting an external reference to this 
VREF pin. The external reference will effectively overdrive the 
internal reference and thus provide the reference source for the 
AD C . T he reference input is buffered before being applied to 
theADC with the maximum input current is±100 \iA. Suitable 
reference sources for the AD 7863 include the AD 680 and 
AD 780 precision -1-2.5 V references. 

CIRCUIT DESCRIPTION 
Analog Input Section 

The AD 7863 is offered as three part types, the AD 7863-10 
which handles a ±10 V input voltage range, the AD 7863-3 
which handles input voltage range ±2.5 V and the AD 7863-2 
which handles a V to -1-2.5 V input voltage range. 




AD7863-10/AD7863-3 



Figure 3. AD7863-10/-3 Analog Input Structure 
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Figures shows the analog input section for the AD 7863-10 and 
AD 7863-3. T he analog input range of the AD 7863-10 is ±10 V 
into an input resistance of typically 9 kQ. T he analog input 
range of theAD7863-3 is±2.5 V into an input resistance of 
typically 4 kfl. This input is benign with no dynamic charging 
currents as the resistor stage is followed by a high input imped- 
ance stage of the tracl</hold amplifier. For the AD 7863-10, Rl 
= 8 ka R2 = 2 kil and R3 =2k6n. For the AD 7863-3, Rl = 
R2 =2 k£2 and R3 is open circuit. 

For the AD 7863-10 and AD 7863-3, the designed code transi- 
tions occur on successive integer LSB values (i.e., 1 LSB, 2 
LSBs, 3 LSBs . . .). Output coding is 2s complement binary 
with 1 LSB =FS/16384. The ideal input/output transfer 
function for the AD 7863-10 and AD7863-3 isshown in Table I. 

TABLE I. IDEAL INPUT/OUTPUT CODE TABLE FOR 
THE AD7863-l(y-3 



Digtal Output 
Analog Input Code Transition 



-l-FSR/2 - 1 LSB' 


Oil . 


. 110 to Oil . 


. Ill 


-l-FSR/2 - 2 LSBs 


Oil . 


. 101 to Oil . 


. 110 


-l-FSR/2 - 3 LSBs 


Oil . 


. 100 to Oil . 


. 101 


GND -1-1 LSB 


000. 


. 000 to 000 . 


. 001 


GND 


Ill . 


. Ill to 000 . 


. 000 


GND - 1 LSB 


Ill . 


. 110 to 111 . 


. Ill 


-FSR/2 -1-3 LSBs 


100 . 


. 010 to 100 . 


. oil 


-FSR/2 -1-2 LSBs 


100 . 


. 001 to 100 . 


. 010 


-FSR/2 + 1 LSB 


100 . 


. 000 to 100 . 


. 001 



NOTES 

'FSR isfull-scalerange = 20V (AD 7863-10) and =5V (AD 7863-3) 
withREF IN =+2.5V. 

'1 LSB = FSR/16384 = 1.22 mV (AD7863-10) and 0.3 mV (AD7863-3) 
with REF IN =-h2.5 V. 



The analog input section for the AD 7863-2 contains no biasing 
resistors and theV^x/Bx pin drives the input to the multiplexer 
and track/hold amplifier circuitry directly. T he analog input 
range is V to -1-2.5 V into a high impedance stage with an 
input current of less than 500 nA. This input is benign with no 
dynamic charging currents. Once again, the designed code 
transitions occur on successive integer LSB values. Output 
coding is straight (natural) binary with 1 LSB = FS/16384 = 2.5 
V/16384 = 0.15 mV. Table II shows the ideal input/output 
transfer function for the AD 7863-2. 

TABLE II. IDEAL INPUT/OUTPUT CODE TABLE FOR 
THE AD7863-2 



Digtal Output 
Analog I nput^ Code Transition 



-l-FSR - 1 LSB' 


111 . 


. 110 to 111 . 


. Ill 


-l-FSR - 2 LSB 


Ill . 


. 101 to 111 . 


. 110 


-l-FSR - 3 LSB 


Ill . 


. 100 to 111 . 


. 101 


GND -1-3 LSB 


000. 


. 010 to 000 . 


. Oil 


GND -1-2 LSB 


000. 


. 001 to 000 . 


. 010 


GND -1-1 LSB 


000. 


. 000 to 000 . 


. 001 



NOTES 

^FSR is Full-Scale Range and is2.5V for AD 7863-2 withVREF =+2.5V. 
'1 LSB = FSR/16384 and is 0.15 mV for AD 7863-2 with VREF = +2.5 V. 



AD7863 



OFFSET AND FULL-SCALE ADJUSTMENT 

In most Digital Signal Processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Invariably, some applications will require 
that the input signal span the full analog input dynamic range. 
In such applications, offset and full-scale error will have to be 
adjusted to zero. 

F igure 4 shows a circuit which can be used to adjust the offset 
and full-scale errors on theAD7863 (V^jOn theAD7863-10 
version is shown for example purposes only). Where adjustment 
is required, offset error must be adjusted before full-scale error. 
T his is achieved by trimming the offset of the op amp driving 
the analog input of theAD7863 whilethe input voltage is a 1/2 
LSB below analog ground. The trim procedure is as follows: 
apply a voltage of -0.61 mV (-1/2 LSB) atV^j in Figure 4 and 
adjust the op amp offset voltage until the ADC output code 
flickers between 1111 1111 1111 and 0000 0000 0000. 



INPUT 

RANGE = ±10V 




•ADDITIONAL PINS OMITTED FOR CLARITY 



Figure 4. AD 7863 F ull-Scale Adjust C ircuit 

Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC 
positive full scale). The trim procedures for both cases are as 
follows: 

Positive Full-Scale Adjust 

Apply a voltage of -h9.9927 V (FS/2- 3/2 LSBs) atV^. Adjust 
R2 until theADC output code flickers between 0111 1111 1110 
and 0111 1111 1111. 

Negative Full-Scale Adjust 

Apply a voltage of -9.9976 V ( -FS -I- 1/2 LSB) atV^i and 
adjust R2 until the ADC output code flickers between 1000 
0000 0000 and 1000 0000 0001. 

An alternative scheme for adjusting full-scale error in systems 
which use an external reference is to adjust the voltage at the 
VREF pin until the full-scale error for any of the channels is 
adjusted out. T he good full-scale matching of the channels will 
ensure small full-scale errors on the other channels. 
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TIMING AND CONTROL 

F igure 5(a) shows the tinning and control sequence required to 
obtain optimum performance (IM ode 1) from the AD 7863. In 
th e sequence shown, a conversion is initiated on the falling edge 
of CONVST. This places both track/holds into hold simulta- 
neously and new data from this conversion is available in the 
output register of the AD 7863 4.5 us later. T he BUSY signal 
indicates the end of conversion and at this time the conversion 
results for both channels are available to be read. A second 
conversion is then initiated. If the multiplexer select AO is low, 
the first and second read pulses after the first conversion 
accesses the result from channel A (Vai and respectively). 
The third and fourth read pulses, after the second conversion 
and AO high, accesses the result from channel B (Vgi and 
respectively). AO's state can be changed any time after the 
CONVST goes high, i.e., track/holds into hold, and 500ns prior 
to the next falling edge of CONVST. Data is read from the part 
via a 14-Bit parallel data bus with standard CS and RD signal, 
i.e. , the read operation consists of a negative going pulse on the 
CS pin cornbined with two negative going pulses on the RD pin 
(while the CS is low), accessing the two 14-Bit results. Once 
the read operation has taken place, a f urther 500 ns should be 
allowed before the next falling edge of CONVST to optimize 
the settling of the track/hold amplifier before the next conver- 
sion is initiated. With the internal clock frequency at its 
maximum (XX M H z - not accessible externally), the achievable 
throughput rate for the part is 4.5 |is (conversion time) plus 
200ns (read time) plus 0.5 |is (acquisition time). T his results in 
a minimum throughput time of 5.2 |js (equivalent to a through- 
put rate of 192 kH z). 

Read Options 

Apart from the Read ^eratiqri_descri bed above and displayed 
in Figure 5(a), other CS and RD combinations can result in 
different channels/inputs being read in different combinations. 
Suitable combinations are shown in Figure 5(b) through 5(d). 



CS 



RD 



DATA 



CS 



BD 



DATA 



AO 



CS 



RD 



DATA 



-is — — ss 



Figure 5(b). Read Option A 



-5S- 



— iS ^Al^ ^Al^ 5S- 

Figure 5(c). Read Option B 

^ 

■4S 1 



■^""LJ '"^J 

'"~LrLr"~LrLr 

-ss 



-5S ("Bi 



Figure 5(d). Read Option C 



CONVST 



BUSY 



DATA 




Figure 5(a). Mode 1 Timing Operation Diagram for High Sampling Performance 
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CONVST 



BUSY 



AO 



BD 



DATA 



h 



-Si — 



-i's- 



I -fcj 300ns 

1-^ 



\ »^ 

I S^ 

- 4.5 

55 




-55 — 55- 
-55 — 55- 



-5 5 5 5- 



-55 ^Al^ 



-55- 



-55- 



\f\J 



-55 55- 



VB2; 5 5 5 5- 



• When using an EXTERNAL REFERENCE, WAKE-UP TIME = 2.5)IS. 
*• When using an INTERNAL REFERENCE, WAKE-UP TIME = Sms 



Figure 6. AD7863 Mode 2 Timing Diagram Whiere Automatic Sleep function is Initiated 



OPERATING MODES 

Mode 1 Operation (Hi^ Sampling Performance) 

T he timing diagram in F igure 5(a) is for opti mum perfor mance 
in operating mode 1 wlieretlie falling edge of CONVST starts 
conversion and puts the T rack/Hold amplifier's into their hold 
mode. This falling edge of CONVST also causes the BU SY 
signal to go high to indicate that a conversion is taking place. 
T he BU SY signal goes low when the conve rsion is com plete 
which is4.5|js max after the falling edge of CONVST and new 
data from this conversion is available in the output latch of the 
AD 7863. A read operation accesses this data. If the multiplexer 
select AO is low, the first and second read pulses after the first 
conversion accesses the result from channel A (V^jand 
respectively). The third and fourth read pulses, after the second 
conversion and AO high, accesses the result from channel B (V^i 
and respectively). Data is read from the part via a 14-Bit 
parallel data bus with standard cs and RD signals. T his data 
read operation consists of negative going pulse on_theCS pin 
combined with two negative going pulses on the RD pin (while 
theCS is low) , accessing the two 14-Bit results. Forthe 
fastest throughput rate (with an internal clock of XX MHz) the 
read operation will take 200 ns. The read operation must be 
complete a t least 500 ns before the falling edge of the next 
CONVST and this gives a total time of 5.2 ^s for the full 
throughput time (equivalent to 192 kH z). T his mode of 
operation should be used for high sampling applications. 



mode 1 operation. T he operation shown in figure 6 shows how 
to access data from both channels A and B followed by the Auto 
Sleep mode. One can also setup the timing to access data from 
channel A only or channel B only (see Read Options section on 
previou s page) and then go into Auto-Sleep mode. The rising 
edge of CONVST "wakes-up" the part. T his wake-up time is 
2.5 |js when using an external reference and 5ms when using the 
internal reference at which point t he T rack/H old amplifier's go 
into their hold mode provided the CONVST has gone low. The 
conversion takes 4.5|is after this giving a total of 7 (is (external 
ref erence, 5.0 035ms for internal reference) from the rising edge 
of CONVST to the conversion being complete which is 
indicated by the BU SY goin g low. N ot e that since th e wake-up 
time from the rising edge of CONVST is 2.5|js, if the CONVST 
pulse width is greater than 2.5|js the conversion will take more 
than the 7^s (2.5(is wake-up time -I- 4.5ns conversion time) 
shown in diagram from the rising edge of CONVST. T his is 
because the T rack /H old amp lifiers go into their hold mode on 
the falling edge of CONVST and then the conversion will not be 
complete for a further 4. 5|js. In this case the BUSY will be the 
best indicator for when the conversion is complete. Even though 
the part is in sleep mode data can still be read from the part. 
T he read operation is identical to that in as in mode 1 opera- 
tion, and must a lso be com plete at least 500 ns before the falling 
edge of the next CONVST to allow the Track/Hold amplifier's 
to have enough time to settle. T his mode is very useful when the 
part is converting at a slow rate as the power consumption will 
be significantly reduced from that of mode 1 operation. 



Mode 2 Operation (Auto Sleep After Conversion) 

T he timing diagram in F igure 6 is for optimum performance in 
operating mode 2 where the part automatically goes into sleep 
mode once BU SY goes low after conversion and "wakes-up" 
before t he next con version takes place. This is achieved by 
keeping CONVST low at the end of the second conversion 
whereas it was high at the end of the second conversion for 



AD7863 DYNAMIC SPECIFICATIONS 

The AD 7863 is specified and 100% tested for dynamic perfor- 
mance specifications as well as traditional dc specifications such 
as Integral and Differential Nonlinearity. These ac specifications 
are required for the signal processing applications such as 
phased array sonar, adaptive filters and spectrum analysis. 
These applications require information on the ADC's effect on 
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the spectral content of the input signal. H ence, the parameters 
for which the AD 7863 is specified include SN R, harmonic 
distortion, intermodulation distortion and peal< harmonics. 
These terms are discussed in more detail in the following 
sections. 

Signal-to- Noise Ratio (SNR) 

SN R is the measured signal to noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
N oise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (fs/2) excluding dc. SN R is depen- 
dent upon the number of quantization levels used in the 
digitization process; the more levels, the smaller the quantiza- 
tion noise. T he theoretical signal to noise ratio for a sine wave 
input is given by 

SNR = (6.02N + 1.76) dB (1) 

where N is the number of bits. 

T hus for an ideal 14-bit converter, SN R = 86.04 dB. 

F igure 7 shows a histogram plot for 8192 conversions of a dc 
input using the AD 7863 with 5 V supply. T he analog input was 
set at the center of a code transition. It can be seen that all the 
codes appear in the one output bin indicating very good noise 
performance f rom the A D C . 



Figure?. H istogram of 8192 Convasionsof a DC Input 

T he same data is presented in F igure 8 as in F igure 7 except 
that in this case the output data read for the device occurs 
during conversion. T his has the effect of injecting noise onto 
the die while bit decisions are being made and this increases the 
noise generated by the AD 7863. The histogram plot for 8192 
conversions of the same dc input now shows a larger spread of 
codes. T his effect will vary depending on where the serial clocl< 
edges appear with respect to the bit trials of the conversion 
process. It is possible to achieve the same level of performance 
when reading during conversion as when reading after conver- 
sion depending on the relationship of the serial clocl< edges to 
the bit trial points. 

The output spectrum from the ADC is evaluated byapplyinga 
sine wave signal of very low distortion to the V^x/bx input which 
is sampled at a XXX kH z sampling rate. A Fast Fourier 
T ransform (F FT ) plot is generated from which the SN R data 
can be obtained. F igure 7 shows a typical 2048 point F FT plot 
of the AD 7863 with an input signal of 10 l<Hz and a sampling 
frequency of XXX kHz. T he SN R obtained from this graph is 
XX. XX dB. It should be noted that the harmonics are taken 
into account when calculating the SN R. 



Figure 8. Histogram of 8192 Conversions with Read 
During Conversion 



Figure9. AD7863 FFT Plot 
Effective Number of Bits 

The formula given in Equation 1 relates the SN R to the number 
of bits. Rewriting the formula, as in Equation 2, it is possible to 
get a measure of performance expressed in effective number of 
bits(N). 



N 



SN R -1.76 
6.02 



(2) 



T he effective number of bits for a device can be calculated 
directly from its measured SN R. 

F igure 10 shows a typical plot of effective number of bits versus 
frequency for an AD 7863-2 with a sampling frequency of 
XXX kHz. The effective number of bits typically falls between 
XX.X andXX.X corresponding to SN R figures of XX. XX dB 
and XX.XX dB. 



Figure 10. Effective Numbers of Bits vs. Frequency 
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Total Harmonic Distortion (THD) 

Total H armonic D istortion (THD) is the ratio of tlie rms sum 
of liarmonics to tlie rms value of tlie fundamental. For the 
AD7863, THD is defined as 



THD(dB) = 20 log 



2,V3,V4 



where Vi is the rms amplitude of the fundamental and V 
and V 5 are the rms amplitudes of the second through the sixth 
harmonic. T he T H D is also derived from the F FT plot of the 
ADC output spectrum. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m, n = 0, 1, 2, 3 . . ., etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb) while the third order 
terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 

U sing the C C I F standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. T he second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. T he calculation of the intermodu- 
lation distortion is as per the T H D specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of thefundamental expressed indBs. In this case, 
the input consists of two, equal amplitude, low distortion sine 
waves. Figure 11 shows a typical IM D plot for the AD 7863. 



Figure 12. Thisshows very good integral linearity performance 
from the AD 7863 at an input frequency of 10 l<H z. T he absence 
of large spikes in the plot shows good differential linearity. 
Simplified versions of the formulae used are outlined below. 



IN L(i; 



(V(i)-V(Q))-4096 
V(fs)-V(o) 



where IN L(i) is the integral linearity at code 1. V(fs) and V(o) are 
the estimated full-scale and offset transitions, and V(i) is the 
estimated transition for the i* code. 

V(i), the estimated code transition point is derived as follows: 

[7icum{i)] 



V(i) = -ACosi 



N 



whereA is the peal< signal amplitude,N isthe number of 
histogram samples 



andcum(i) = ^ V (n)occurrences 



Figurel2.. AD7863 AC INL Plot 
Povuer Considerations 

I n the automatic power-down mode then the part may be 
operated at a sample rate which is considerably less than 200 
l<H z. I n this case the power consumption will be reduced and 
will depend on the sample rate. Figure 13 shows a graph of the 
power consumption versus sampling rates from 10 Hzto 1 l<Hz 
in the automatic power-down mode. T he conditions are 5 V 
supply 25°C and the data was read after conversion. 



Figure 1 1. AD7863 IMD Plot 

Peal< Harmonic or Spurious Noise 

H armonic or Spurious N oise is defined as the ratio of the rms 
value of the next largest component in theADC output spec- 
trum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. N ormally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peal< 
will be a noise peal<. 

AC Linearity Plot 

When a sine wave of specified frequency is applied to theVi^ 
input of theAD7863 and several million samples are taken, a 
histogram showing the frequency of occurrence of each of the 
4096 AD C codes can be generated. F rom this histogram data it 
is possibleto generate an ac integral linearity plot as shown in 
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Figure 13. Powa vs. Sample Rate in Auto Power-Down IV| ode 

MICROPROCESSOR INTERFACING 

TheAD7863 high speed bus tinning allows direct interfacing to 
DSP processors as well as modern 16-bit microprocessors. 
Suitable microprocessor interfaces are shown in F igures 14 
through 18. 

AD7863-ADSP-2100 Interlace 

Figure 14 shows a n interface between the AD 7863 and the 
AD SP-2100. T he CONVST signal can be supplied from the 
ADSP-2100orfrom an external source. The AD 7863 BUSY 
line provides an interrupt to theADSP-2100 when conversion is 
completed on all four channels. The four conversion results can 
then be read from the AD 7863 using four successive reads to 
the same memory address. T he following instruction reads one 
of the four results (this instruction is repeated four times to read 
all four results in sequence): 

M RO = DM (ADC) 

where M RO is theADSP-2100 M RO register and 
ADC istheAD7863 address. 
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Figure 14. AD7863-ADSP-2 100 Interface 

AD7863-ADSP-21Q]yADSP-21Q2 Interface 

T he interface outlined in F igure 14 also forms the basis for an 
interface between theAD7863 and theADSP-2101/ADSP-2102. 
The READ lineoftheADSP-2101/ADSP-2102 is labeled RD. 
I n this interface, the RD pulse width of the processor can be 
programmed using the Data M emory Wait State Control 
Register. T he instruction used to read one of the four results is 
as outlined for theADSP-2100. 
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Figure 15. AD7863-TiVIS32010 Interface 
AD7863-TMS3201Olnterface 

An interface between the AD 7863 and t he T M S32010 is shown 
in Figure 15. Once again the CONVST signal can be supplied 
from theTM S32010 or from an external source and the 
T M S32010 is interrupted when both conversions have been 
completed. T he following instruction is used to read the 
conversion results from theAD7863: 

IN D,ADC 

where D is Data M emory address and 
ADC istheAD7863 address. 

AD7863-TMS32X25 Interface 

Figure 16 shows an interface between theAD7863 and the 
TM S320C25. As with the two previous interfaces, conversion 
can be initiated from theTM S320C25 or from an external 
source and the processor is interrupted when the conversion 
sequence is completed. T he T M S320C 25 does not have a 
separate RD output to drive the AD 7863 RD input directly^ 
T Ills has to be generated from the processor STRB and R/W 
outputs with the addition of some logic gates. T he RD signal is 
OR-gated with theM SC signal to provide the one WAIT state 
required in the read cyclefor correct interface timing. Conver- 
sion results are read from theAD7863 using the following 
instruction: 

IN D,ADC 

where D is D ata M emory address and 
ADC istheAD7863 address. 
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Figureie. AD7863-TM S320C25 Interface 

Some applications may require that the conversion is initiated 
by the microprocessor rat her than an external timer. One option 
is to decode the A D 7863 CONVST from the address bus so 
that a write operation starts a conversion. D ata is read at the 
end of the conversion sequence as before. F igure 18 shows an 
example of initiating conversion using this method. N ote that 
for all interfaces, it is preferred that a read operation should not 
be attempted during conversion. 

AD7863-MC 68000 1 nterface 

An interface between the AD 7863 and the M C 68000 is shown 
in Figure 17. As before, conversion can be supplied from the 
MC68000 or from an external source. TheAD7863 BUSY 
line can be used to interrupt the processor or, alternatively, 
software delays can ensure that conversion has been completed 
before a read to the AD 7863 is attempted. Because of the 
nature of its interrupts, the 68000 requires additional logic (not 
shown in Figure 18) to allow it to be interrupted correctly. For 
further information on 68000 interrupts, consult the 68000 
users manual. 

T he M C 68000 AS and R/W outputs are us^ to generate a 
separate R D input s ignal for the AD 7863. CS is used to drive 
the 68000 DTACK input to allow the processor to execute a 
normal read operation to the AD 7863. T he conversion results 
are read using the following 68000 instruction: 

M OVE.W ADCDO 

where D is the 68000 D register and 
ADC istheAD7863 address. 
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Flguren. A D 7863- M C 68000! nterface 
AD 7863-8X 196 1 nterface 

Figure 18 shows an interface between theAD7863 and the 
80C196 microprocessor. Here, the microprocessor initiates 
conversion. T his is achieved by gating the 80C 196 WR signal 
with a decoded address output (different to the AD 7863 CS 
address). The AD 7863 BU SY line is used to interrupt the 
microprocessor when the conversion sequence is completed. 
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Figure 18. AD7863-80C196 Interface 
Vector Motor Control 

T he current drawn by a motor can be split into two compo- 
nents: one produces torque and the other produces magnetic 
flux. F or optimal performance of the motor, these two compo- 
nents should be controlled independently. In conventional 
methods of controlling a three-phase motor, the current (or 
voltage) supplied to the motor and the frequency of the drive are 
the basic control variables. H owever, both the torque and flux 
are functions of current (or voltage) and frequency. T his 
coupling effect can reduce the performance of the motor 
because, for example, if the torque is increased by increasing the 
frequency, the flux tends to decrease. 

Vector control of an ac motor involves controlling phase in 
addition to drive and current frequency. Controlling the phase 
of the motor requires feedbacl< information on the position of 
the rotor relative to the rotating magnetic field in the motor. 
Using this information, a vector controller mathematically 
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AD7863 



transforms the three phase drive currents into separate torque 
and flux components. TheAD7863, with its four-channel 
simultaneous sampling capability, is ideally suited for use in 
vector motor control applications. 

A blocl< diagram of a vector motor control application using the 
AD 7863 is shown in F igure 19. T he position of the field is 
derived by determining the current in each phase of the motor. 
Only two phase currents need to be measured because the third 
can be calculated if two phases are l<nown. V^i and of the 
AD7863 are used to digitize this information. 

Simultaneous sampling is critical to maintain the relative phase 
information between the two channels. A current sensing 
isolation amplifier, transformer or H all effect sensor is used 
between the motor and the AD 7863. Rotor information is 
obtained by measuring the voltage from two of the inputs to the 
motor. Vgiand of the AD 7863 are used to obtain this 
information. Once again the relative phase of the two channels 
is important. A DSP microprocessor is used to perform the 
mathematical transformations and control loop calculations on 
the information fed bacl< by the AD 7863. 
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external or system reference can be used to drive all VREF 
inputs. A common reference ensures good full-scale tracking 
between all channels. 
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Figure 20. Multiple AD7863s in Multichannel System 
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Figure 19. Vector M otor Control Using theAD7863. 
MULTIPLE AD7863S 

Figure 20 shows a system where a number of AD 7863s can be 
configured to handle multiple input channels. Thistypeof 
configuration is common in applications such as sonar, radar, 
etc. T he AD 7863 is specified with typical limits on aperture 
delay. T his means that the user l<nows the difference in the 
sampling instant between all channels. T his allows the user to 
maintain relative phase information between the different 
channels. 

A common read signal from the microprocessor drives the RD 
input of all AD 7863s. Each AD 7863 is designated a unique 
address selected by the address decoder. T he reference output 
of AD 7863 number 1 is used to drive the reference input of all 
other AD7863S in the circuit shown in Figure 20. OneVREF 
pin can drive several AD7863 REF IN pins. Alternatively, an 
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OUTLINE DIMENSIONS 

D imensions shown in inches and (mm) 
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